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insulin sensitivity; fatty acid; thiazolidinediones; type 2 diabetes; obesity THE EARLY PATHOPHYSIOLOGY of type 2 diabetes remains uncertain. Three key defects mark the onset of hyperglycemia in type 2 diabetes mellitus: increased hepatic glucose production, diminished insulin secretion, and impaired insulin action (7) . Obesity generally accompanies type 2 diabetes and is the key modifiable risk factor. Recent data suggest that obesity leads to a state of chronic inflammation marked by elevated cytokine levels, which in turn may reduce insulin action. However, the proximal cause and molecular mechanisms of this inflammatory response are uncertain.
Recently, Ozcan et al. (25) and others (15, 22, 24) proposed endoplasmic reticulum (ER) stress as the proximal cause of chronic inflammation and reduced insulin action in adipocytes and hepatocytes. In mice, both high fat diet and genetic obesity (ob/ob mice) activated proximal sensors of ER stress, including increased transcription of GRP78 (also known as BiP, encoded by human gene HSPA5) and increased phosphorylation of proximal ER stress proteins PERK and IRE1 (encoded by human gene ERN1) and downstream factors including eukaryotic initiation factor eIF2␣, JNK1, c-jun, and ultimately IRS1 (25) . Manipulation of chaperones further downstream such as ORP150 (encoded by human gene HYOU1) also altered insulin sensitivity in mice (22, 24) . Finally, this same mechanism may account for altered insulin secretion (14, 33) , thus linking the three key defects in the pathogenesis of type 2 diabetes. Thiazolidinediones (TZDs), which include the presently available drugs rosiglitazone and pioglitazone, are well established insulin sensitizing agents that act, at least in part, as agonists of the peroxisome proliferator-activated receptor (PPAR)␥. These drugs appear to act as primarily peripheral insulin sensitizers, but hepatic effects have been suggested also (1) . Although the mechanism of action remains controversial, expansion of adipocyte mass may reduce ectopic fat and hence improve hepatic insulin sensitivity and ␤-cell function (37) . TZDs reduce inflammatory cytokines and increase adiponectin (30, 31) . Hence, TZDs affect the same pathways and genes that characterize diabetes pathogenesis and might be expected to act on the proximal cause, such as ER stress. Indeed, Loffler et al. (20) found significant downregulation of ER stress genes in livers from diabetic db/db mice treated with rosiglitazone, including HSPA5, DNAJC3, and X-box protein-1 (XBP1). Similarly, Han et al. (12) showed reduced liver and white adipose ER stress in diabetic db/db mice treated with the dual PPAR␣/␥ agonist macelignan. Macelignan also suppressed thapsigargin-induced ER stress in mouse hepatocytes and adipocyte cell lines (12) . These studies suggest that the beneficial effects of TZDs on insulin sensitivity may result in part from a reduction of ER stress, but no human data are available to address this hypothesis.
We tested the hypothesis that pioglitazone acts in part by reducing ER stress in two systems. First, we tested whether markers of adipocyte ER stress were reduced in human subjects with impaired glucose tolerance treated with pioglitazone for 10 wk. To extend these human studies, we next tested whether pioglitazone was able to protect the human hepatocyte HepG2 cell line or the human adipocyte Simpson-GolabiBehmel syndrome (SGBS) cell line from experimentally induced acute ER stress. In both studies, we quantified the key indicators of the ER stress response.
MATERIALS AND METHODS
Human subjects. The human studies have been described in detail previously (29, 38) . To establish the presence of ER stress in obese humans, we examined subcutaneous adipose tissue from 86 no diabetic individuals (body mass index 19 -40 kg/m 2 ) who participated in several previous studies. The sample included 70 women and 16 men, aged 21-66 yr, of whom 32 individuals had impaired glucose tolerance. Pioglitazone effects on ER stress were tested in 20 individuals with impaired glucose tolerance (IGT) who were randomized to receive pioglitazone at 30 mg/day for 2 wk, then 45 mg/day for 8 wk (30) . We report only the pioglitazone arm of the study, which randomized individuals to pioglitazone or metformin (36) . Adipose and muscle biopsies and frequently sampled intravenous glucose tolerance tests were performed before and after treatment. All subjects provided written informed consent under protocols approved by University of Arkansas for Medical Sciences Institutional Review Board.
Experimental agents. Pioglitazone (a gift from Takada Pharmaceutical, Deerfield, IL) was dissolved in dimethyl sulfoxide (Sigma, St. Louis, MO). ER stress was induced as described below by tunicamycin (Sigma), thapsigargin (Sigma), oleic acid (MP Biomedical, Solon, OH), or palmitic acid (Calbiochem, La Jolla, CA). Tunicamycin was dissolved in DMSO, and thapsigargin was dissolved in ethanol. Palmitic and oleic acids were conjugated to fatty acid-free bovine serum albumin (BSA, MP Biomedical) at a 2.5:1 molar ratio by dissolving them in ethanol and mixing with an aqueous BSA solution (BSA in MEM culture medium) at 45°C until homogeneous, after which they were passed through a 0.2 M filter (18) . All references to palmitic and oleic acids refer to the BSA conjugate. Antibodies for Western blot experiments included phospho-eIF2␣ (BioSource Division of Invitrogen, Carlsbad, CA), total eIF2␣ (Santa Cruz Biotechnology, Santa Cruz, CA), PERK (Santa Cruz Biotechnology), phospho-PERK (Santa Cruz Biotechnology), phospo-JNK1 (Santa Cruz Biotechnology), total JNK1 (Santa Cruz Biotechnology), phospho-cjun (Cell Signaling, Danvers, MA), and ␤-actin (Chemicon Division of Millipore, Billerica, MA). Mouse and rabbit horseradish peroxidase-conjugated secondary antibodies were purchased from Amersham Biosciences (Pittsburgh, PA).
Cell culture. Human hepatocyte HepG2 (American Type Culture Collection, Manassas, VA) cells were cultured in minimum essential medium (MEM) with Earle's balanced salt solution supplemented with 2 mM L-glutamine, penicillin, streptomycin, and 10% fetal bovine serum (all from Omega Scientific, Tarzana, CA). At 80 -90% confluence, cells were transferred to medium containing 2% fetal bovine serum (FBS). Cells were preincubated for 16 h in pioglitazone (10 M) or control (DMSO), after which tunicamycin (1 g/ml), thapsigargin (25 nM), or vehicle (DMSO or ethanol) was added to the culture plates in the presence or absence of pioglitazone (10 M). Palmitic acid and oleic acid experiments were conducted similarly, except that after the preincubation period, cells were washed twice in serum-free MEM and transferred to serum-free medium with or without pioglitazone (10 M) and palmitic acid-BSA conjugate (1 mM), oleic acid-BSA conjugate (1 mM), or BSA. Cells were harvested at 6 and 12 h posttreatment for RNA or protein extraction.
Human SGBS preadipocytes were cultured as described previously (3) . Briefly, SGBS cells were morphologically differentiated (70%) into mature adipocytes and conditioned in serum-free basal medium (DMEM-F12) for 24 h, followed by 16 h of pretreatment with pioglitazone. ER stress was induced by treatment with palmitic acid (0.5 mM) for 6 -12 h in serum-free basal medium, after which cells were harvested for RNA extraction.
RNA isolation and gene expression. Total RNA from human subcutaneous adipose tissue was isolated using an RNeasy Lipid Tissue Mini Kit (Qiagen, Valencia, CA). Total RNA from HepG2 cells was isolated using the RNeasy Mini Kit (Qiagen) and from SGBS cells by using the RNAqueous kit (Ambion, Austin, TX) following the manufacturer's instruction. The quantity of isolated RNA was determined spectrophotometrically and the quality by electrophoresis using an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA). Total RNA (0.4 -1 g) was reverse transcribed using random hexamer primers with TaqMan Reverse Transcription Reagents (Applied Biosystems, Foster City, CA). Reverse-transcribed RNA (cDNA) was amplified with 1ϫ Sybr Green PCR Master Mix (Applied Biosystems) and 0.3 mol/l gene-specific forward and reverse primers on an ABI 7500 Fast RT-PCR system (Applied Biosystems) or a Rotorgene 2000 Real-Time PCR system (Corbett Life Science, Sydney, Australia). Samples were normalized to 18S ribosomal RNA. Standard curves were generated using pooled cDNA from the samples assayed. Primer sequences (Supplemental Table S1 ; supplemental data are available at the online version of this article) were designed to capture all major known splice forms, to span an intron, and to give a single band of the expected size. Experiments in HepG2 cells were conducted with three technical replicates for each of two biological replicates, yielding six readings for each experiment. XBP1 splicing was examined by gel electrophoresis and quantified by densitometry for cell culture experiments. Additionally, spliced XBP1 was specifically assayed from human adipose tissue cDNA using real-time PCR.
Immunoblot analysis. HepG2 Cells were washed with cold PBS and harvested using 1ϫ RIPA buffer (Santa Cruz Biotechnology; 1ϫ TBS, 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% SDS, 0.004% sodium azide) supplemented with Protease Inhibitor Cocktail (10 l/ml; Santa Cruz Biotechnology), phenylmethylsulfonyl fluoride (10 l/ml), and Phosphatase Inhibitor Cocktail 1 (10 l/ml, Sigma) and Cocktail 2 (10 l/ml, Sigma). Cell lysates were homogenized, and protein content of clear lysates was estimated by the Bradford method (6). Equal amounts (20 -30 g) of total protein were dissolved in Lammeli buffer (50 mM Tris, pH 6.8, 100 mM ␤-mercaptoethanol, 2% SDS, 10% glycerol), separated on 8% SDS-polyacrylamide gel, and transferred to Trans-Blot Nitrocellulose membrane (Bio-Rad Laboratories, Hercules, CA). Proteins were detected by immunoblot according to the manufacturer's protocols, developed with SuperSignal Electro-Chemiluminescent reagent (Pierce Biotechnology Division of Thermo-Fisher Scientific, Waltham, MA) and scanned in ChemiDox Image Analyzer (Bio-Rad). Western blots were quantified using Quantity One Image Analysis software (v4.6.3; Bio-Rad). All total proteins were normalized to ␤-actin, and phosphoproteins were normalized to total protein and/or to ␤-actin. Data represent samples from three independent experiments with technical replicates.
Data analysis and statistics. Experimental conditions in in vitro experiments were compared using the nonparametric Mann-Whitney U-test for unpaired samples or the Kruskal-Wallis test for three or more. Human adipose samples obtained before and after pioglitazone were compared using the Wilcoxon signed rank test. Correlations between the change in insulin sensitivity (⌬S I), change in body mass index (⌬BMI), and change in gene expression were calculated using the Spearman correlation coefficient or partial regression controlling for either ⌬BMI or ⌬SI. All analyses were performed in SPSS for Windows v12.0 (SPSS, Chicago, IL).
RESULTS
ER stress is increased with obesity in human subcutaneous adipose tissue. ER stress is activated in adipose tissue from obese mice, but no data are available in humans. To address the role of ER stress in humans, we examined subcutaneous adipose tissue from 86 individuals over a range of BMI (19 -40 kg/m 2 ) for the ER stress marker HSPA5, which is generally viewed as the best single marker of ER stress (25) . HSPA5 transcript levels rose from lean to overweight and obese individuals (mean and SD: 0.73 Ϯ 0.17 for lean; 0.89 Ϯ 0.22 overweight; 1.15 Ϯ 0.31 obese; Fig. 1) , with a 57% increase in obese when compared with lean individuals (P ϭ 0.00006). Additionally, in 83 subjects for whom data were available, HSPA5 levels correlated significantly with insulin sensitivity (S I ; r ϭ Ϫ0.43, P ϭ 0.00006). Age did not differ significantly among groups and did not contribute to ER stress. Thus, as in mice, ER stress is activated in human subcutaneous adipose tissue with obesity.
Pioglitazone treatment does not reduce ER stress in human adipose tissue. PPAR␥ agonists significantly reduced ER stress response in liver and white adipose in diabetic db/db mice (12, 20) . To determine whether TZDs reduce ER stress in humans with IGT, we examined subcutaneous adipose from 20 obese individuals with IGT (30) before and after 10 wk of pioglitazone. We measured six key transcriptional markers of ER stress: HSPA5, CHOP, ATF6, ERN1, PERK, and XBP1. Despite a significant improvement in S I (Table 1 ; P ϭ 0.002), levels of ER stress gene transcripts were unchanged (P Ͼ 0.12; Fig. 2; Supplemental Fig. S1A ). Splicing of XBP1 is a marker of acute ER stress. We did not observe spliced XBP1 before or after pioglitazone therapy using a gel-based assay (Supplemental Fig. S1B ), and real-time quantification of spliced XBP1 transcript was not changed with pioglitazone therapy (Fig. 2) .
Because pioglitazone increased BMI, and BMI is closely associated with ER stress markers in mice and humans (see data above), we examined the correlation of increase in BMI with the change in gene expression. No significant correlation was noted (P Ͼ 0.1); similarly, we found no significant correlation between the change in S I and the change in gene expression before and after pioglitazone, even when controlling for the change in BMI (P Ͼ 0.3).
Pioglitazone does not protect HepG2 cells from tunicamycin-and thapsigargin-induced ER stress. Hepatocytes may be a more important source of ER stress than subcutaneous fat (39) , thus explaining the lack of reduction in adipocyte ER stress with pioglitazone in humans. Because we were unable to evaluate hepatocytes from pioglitazone-treated humans, we tested whether pioglitazone could protect against induced ER stress in HepG2 cells. We initially induced acute ER stress using either tunicamycin (1 g/ml) or thapsigargin (25 nM). Both classic inducers of ER stress increased HSPA5 transcript levels and XBP1 splicing in a time-dependent fashion, and preincubation with pioglitazone failed to protect against markers of ER stress with either inducer (Fig. 3) . These data thus (16) . Hence, we asked whether a more physiological stress might be ameliorated by pioglitazone in HepG2 cells. Palmitic (C16:0) acid (1 mM) induced ER stress with 12 h of incubation, marked by significant (P ϭ 0.04 -0.002) elevation of CHOP, ERN1, GADD34, and ATF4 and increased XBP1 splicing. In contrast, equimolar oleic acid was identical to control (Fig. 4) . Notably, palmitate induction of ER stress differed from that observed with tunicamycin or thapsigargin, both of which strongly upregulated HSPA5, EDEM1, and ATF6 ( Fig. 3 compared with Fig. 4 and Supplemental Table S2 ).
Pioglitazone does not reduce palmitate-induced ER stress. Pioglitazone pretreatment of HepG2 cells (16 h, 10 M) and the presence of pioglitazone during palmitate treatment failed to reduce ER stress markers induced by 6 or 12 h of 1 mM palmitate treatment, measured by transcript levels (Fig. 5A ), XBP1 splicing (Fig. 5B) , phosphorylation of eukaryotic initiation factor eIF2␣ (see Fig. 6 , B and C), or phosphorylation of factors downstream of ERN1, including PERK, JNK1, and c-jun (Fig. 6, A, C, and E) . Previous studies showed induction of ER stress by a 30 -50 M concentration of TZD. In our study, 10 M pioglitazone showed no induction of ER stress transcripts even after 28 h (16-h pretreatment followed by a 12-h treatment period; Supplemental Fig. S2 ). However, we observed a significant increase (P ϭ 0.014) in eukaryotic initiation factor eIF2␣ phosphorylation (Fig. 6C) . To examine another model of human adipose, we repeated this experiment in the human adipocyte SGBS cell line. Palmitate (0.5 mM) modestly increased apoptotic markers CHOP, GADD34, and XBP1 splicing by 6 h; pioglitazone pretreatment for 16 h did not reduce markers of ER stress (Supplemental Fig. S3 ).
DISCUSSION
TZDs are among the most effective drugs in humans at improving glucose homeostasis (32) . Although TZDs appear to act primarily to improve peripheral S I , the precise mechanism by which these PPAR␥ agonists act is unknown. Many pathways have been proposed from stimulation of adipogenesis to activation of AMP kinase or increased adiponectin secretion (5) . Animal studies have suggested that ER stress in adipose Fig. 3 . ER stress response to tunicamycin or thapsigargin with pioglitazone pretreatment. A: expression of ER stress transcripts after 16 h of pretreatment with pioglitazone or DMSO, followed by 12 h of treatment with tunicamycin (1 g/ml) or control (DMSO). B: ER stress transcripts after 16 h of pretreatment of pioglitazone or DMSO, followed by 12 h of treatment with thapsigargin (25 nM) or control (ethanol). Raw expression values were normalized to 18S RNA. All data were normalized to the lowest value of the control condition as 1 and are presented as means Ϯ SD for 3 independent experiments with 2 biological replicates. *P Ͻ 0.05, **P Ͻ 0.01, and ***P Ͻ 0.001 vs. control (pioglitazone alone). C: representative gels showing spliced and unspliced XBP1 transcripts for the pioglitazone/tunicamycin experiment described in A. D: representative gel showing XBP1 splicing for the pioglitazone/thapsigargin experiment described in B.
and liver is a key source of insulin resistance and impaired glucose homeostasis (25) , and indeed reduction of ER stress using small molecule chaperones markedly improved glucose homeostasis in vivo in whole animals (26) . If ER stress is central to the impaired insulin action and disordered glucose homeostasis of type 2 diabetes, drugs that effectively improve S I could be expected to reduce ER stress. Indeed, recent studies provide some support for that hypothesis in db/db mice (12, 20) , whereas opposing data in cell lines suggest that at least some TZDs may induce ER stress by non-PPAR␥-mediated mechanisms involving ER calcium depletion (9) . Hence we sought evidence that the TZD pioglitazone acts in part to relieve adipocyte or hepatic ER stress in humans. The present study is to our knowledge the only one to examine human tissues and human-derived cell lines with a TZD in active clinical use.
In the present study, we examined each of the major branches of the ER unfolded protein response pathway downstream of the proximal sensors PERK, ATF6, and ERN1 in subcutaneous adipose tissue from humans treated with pioglitazone. The key findings of our study are that pioglitazone neither reduced nor increased adipocyte markers of ER stress in individuals treated for 10 wk with pioglitazone, although these individuals experienced a marked improvement in S I . The improved S I with pioglitazone in a similar population has been reported by our laboratory previously (30) . Thus the mechanism of improved S I does not appear to be amelioration of ER stress in adipocytes. Furthermore, pioglitazone suppressed inflammatory adipokines and increased adiponectin levels (31). Although ER stress and inflammatory pathways are tightly connected (13) , the failure of pioglitazone to reduce ER stress markers while improving S I and reducing inflammatory cytokines suggests that these pathways can be dissociated, and that a reduction of ER stress is not essential to improve S I and glucose homeostasis.
We recognized that induction of ER stress in hepatocytes might be of additional or larger physiological significance. Unfortunately liver biopsies pre-and post-pioglitazone treatment cannot be justified in humans. Hence we also sought to develop a model of ER stress using the human-derived HepG2 hepatocyte cell line to test whether pioglitazone might protect from ER stress in that system. To examine the role in hepatocytes, we tested the ability of pioglitazone to protect cells from ER stress induced by several mechanisms, including the classic stressors thapsigargin and tunicamycin. As in adipocytes, pioglitazone failed to protect HepG2 cells from ER stress induced by blocking of glycosylation (tunicamycin) or altering of ER calcium levels (thapsigargin). Because these chemical stressors might be considered nonphysiological, we searched for inducers of ER stress in hepatocytes that were closer to the human adipocyte model. Recent reports suggested that levels of circulating free fatty acids in humans are in the range of 0.7-0.8 mM in obese humans and 0.3-0.4 mM in lean individuals (16) , thus suggesting that the 1 mM concentrations of palmitate and oleate are near physiological. These studies resulted in a second key finding in the present study: that palmitate but not oleate treatment induced markers of acute ER stress in HepG2 cells.
Similar results showing induction of ER stress with saturated but not unsaturated fatty acids have been reported in a rat liver hepatoma cell line (36) , in mouse 3T3-L1 cells and cultured preadipocytes (11) , and in a mouse pancreatic ␤-cell line (17). In contrast, Ota et al. (23) recently reported that prolonged exposure of another hepatocyte line to oleate induced steatosis and ER stress. The reason for this discrepancy is unclear. The mechanism by which saturated fatty acids induce ER stress is uncertain, although recent data suggest that ceramide accumulation is not part of the mechanism (35, 36) . Borradaile et al. (4) provided evidence for both intracellular accumulation of reactive oxygen and impaired ER morphology resulting from saturated lipid accumulation and compromised ER membrane integrity.
Previous studies with GN4 rat liver epithelial cells, RINm5F rat pancreatic ␤-cells, and HepG2 cells (9, 21, 34) showed induction of ER stress with TZD treatment as evidenced by increased phosphorylation of PERK and eIF2␣, as well as increased CHOP transcript levels. The doses of pioglitazone used in the present study (10 M) were well above levels effective for transcriptional activation of human PPAR␥ (0.28 M), but well below levels previously shown to be cytotoxic (10) . In contrast, ciglitazone and troglitazone were cytotoxic at much lower levels (10) , and treatment levels that induced ER stress were much closer to levels demonstrated to have cytotoxicity. Thus we observed no induction ER stress transcripts or splicing of XBP1 in pioglitazone-treated HepG2 cells in the present study, and neither Maniratanachote et al. (21) nor Weber et al. (34) observed increased levels of HSPA5 transcripts at rosiglitazone or troglitazone concentrations below 25-30 M. Like those previous studies, we did observe a significant increase in eIF2␣ phosphorylation, suggesting possible selective induction of ER stress by low doses of TZDs.
Recent work from Lin et al. (19) suggested that the ER stress responses differ over the time course of the stress and in different tissues. Such observations suggest the importance of studying multiple tissues and cell lines. For example, in our experiments, ERN1 was threefold increased with palmitate, whereas that increase was not reported in rat hepatoma cell lines (36) . Similarly, different inducers of ER stress gave very different patterns of response, both in our studies and in other reports, suggesting that different stresses activate the three proximal ER response pathways to different degrees (8, 27) . Regardless of the mechanism and in both liver and adipose, we found that pioglitazone failed to protect against induction of ER stress.
Surprisingly, few other studies have addressed the role of TZDs or insulin sensitizers on ER stress despite a strong rationale for TZD effects on the ER stress response in the improvement of S I . Han et al. (12) recently reported that the relatively weak dual ␣/␥-agonist macelignan significantly improved glucose homeostasis and insulin action, reduced inflammation, and reduced both hepatic and adipocyte indicators of ER stress in db/db mice including JNK phosphorylation. In contrast, the TZD troglitazone had no significant effect on ER stress markers (12) . Additionally, macelignan but not troglitazone was protective in both the 3T3-L1 mouse adipocyte and SK-HEP1 mouse hepatic cell lines treated with either tunicamycin or thapsigargin (12) . These data suggest that effects of macelignan on ER stress are not acting through PPAR␥ and thus are similar to our findings with pioglitazone in human tissues.
If, as suggested by our studies and those of Han et al. (12), TZDs do not act to reduce ER stress, small molecule chaperones (26) that improve insulin action and glucose homeostasis could be synergistic with TZDs. Although our study is the first to address this question in human tissues, our study also has limitations that are inevitable in a human-based study. First, the liver may be a more important source of ER stress-induced insulin resistance than adipocytes but could not be studied in humans. We have used cell lines to address the role of TZDs in the liver, although they are an imperfect surrogate for human hepatocytes. Furthermore, given the ability of palmitate to induce ER stress in HepG2 cells, we cannot exclude the possibility that TZDs act indirectly by reducing plasma free fatty acids to decrease hepatic ER stress and thus hepatic insulin resistance (1, 2) . Free fatty acid levels before and after pioglitazone were not available in our study. Likewise, we cannot exclude the possibility that TZDs have an effect on ER stress in visceral adipose, which to our knowledge has not been addressed in mice either. The individuals studied before and after pioglitazone were otherwise healthy, obese individuals with impaired glucose tolerance. Both data presented here for ER stress transcript HSPA5 in 86 individuals and extensive studies of transcription and phosphorylation in subcutaneous adipose tissue from an independent population strongly support the activation of ER stress with obesity (S. C. Elbein, unpublished data). Whether individuals with diabetes or poor glucose control have a different pattern of ER stress is presently under study, and we cannot exclude the possibility that TZDs might reduce ER stress in the setting of hyperglycemia. Finally, muscle is thought to be the primary organ involved in postprandial glucose uptake and thus peripheral S I . We did not include this tissue because ER stress is not activated in muscle from obese db/db mice (25) or in humans (S. C. Elbein, unpublished data).
In summary, despite improved S I and reduced inflammatory cytokines and increased adiponectin in obese, glucose-intolerant subjects treated with pioglitazone, our data suggest no improvement in adipocyte ER stress. These findings are supported by the failure of pioglitazone to protect either the HepG2 hepatocyte or SGBS adipocyte cell lines from ER stress induced by a variety of mechanisms. We suggest that, in humans, one can dissociate reduced inflammation and improved S I from reduced ER stress. Thus, although inflammation, ER stress, and S I are interconnected, reduced adipocyte ER stress is not necessary to reduce inflammation and improve S I . Whether reductions in ER stress using small molecule chaperones could also improve S I in humans remains to be demonstrated.
